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PHAGOCYTOSIS IN Staphylococcus aureus BACTERIAEMIA
IN DOGS*
FAGOCITOZA KOD Staphylococcus aureus BAKTERIJEMIJE KOD PASA
Ts. Chaprazov, I. Borissov, E. Slavov, P. Dzhelebov**
Staphylococcus aureus is the leading pathogenic cause of noso-
comial infections, especially in bacteriaemia and sepsis. Phagocytosis
is known to be an essential factor of innate immunity. The aim of this
study was to evaluate phagocytic activity of leucocytes in experimental
bacteriaemia.
Bacteriaemia was induced in six adult male mongrel dogs (experi-
mental group) by intravenous injection of Staphylococcus aureus iso-
late (1.2x109 cells/ml). Phagocytic activity was evaluated before infec-
tion (0 h.), and on the 2nd,6 th,2 4 th,4 8 th hour, and on the 7th,1 4 th and
21st day after infection. Six control animals were tested in the same dy-
namics. Phagocytic activity was evaluated by using the Nitrotetra-
zolium blue reduction (NBT) test, and the immune fluorescence me-
thod (Samnaliev et al., 1995) for detection of phagocytic index and per-
centage of phagocyting leucocytes (FITC marked Staphylococcus au-
reus were used).
Percentage of phagocyting leucocytes showed an increase in ex-
perimental animals, compared to control animals, on the 24th h.
Production of reactive oxygen species, evaluated by NBT, sho-
wed changes within experimental group as follows: an increase on the
24th h. compared to the 2nd h., 6th h., and the 14th day after infection;
and an increase on 48th h., compared to the 2nd h. and 14th day.
Comparison of reactive oxygen species production between
groups, revealed an increase in the experimental group, as compared
to the control group, on the 24th h. and on the 48th h.
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Staphylococcus aureus is the leading pathogenic cause of noso-
comial infections, especially in bacteriaemia and sepsis. Factors of innate resis-
tance of the organism play a major role in pathogenesis of staphylococcal infec-
tion Š5¹. Phagocytosis is an essential factor of innate immunity Š19¹. Phagocytes
play an important role in mechanism of immune response by means of cytokine
production and antigen destruction by enzymes and cytotoxic components Š2,
22¹. Release of exotoxins by gram positive bacteria, most of which are superanti-
gens i.d. stimulate T-cells, leads to differences in cell response in relatively low lev-
els of tumor necrosis factor-alpha (TNF-), interleukin-1 (IL-1) and interleukin-6
(IL-6) and high levels of interleukin-8 (IL-8) Š4, 24, 30¹. Gram positive bacteria have
immunogenic elements on their surface- lipoteichoic acid and peptidoglicans Š24,
30¹. Monocytes contacting these molecules start producing proinflammatory cy-
tokinesŠ25¹.Macrophages,togetherwithmonocytes,playanimportantroleinthe
defense against staphylococcal infection. Some proinflammatory mediators acti-
vate macrophages to produce intracellular oxide radicals Š18¹. Engulfment and
destruction of microorganisms, a process known as phagocytosis, is based on
the production of oxide radicals, other cytotoxic products or lysosomal compo-
nents Š23, 16¹.
The ability of phagocytes to kill bacteria is decisive, because such a
defense is not specific and does not depend on initial counteraction between mi-
cro and macroorganism Š7¹. Gram negative microorganisms can be neutralized in
intercellular space by complement and antibodies Š26¹, while gram positive mi-
croorganisms are submitted to intracellular killing by neutrophils and macro-
phages Š31¹. During bacterial infections phagocytic activity has been reported ei-
ther increased or decreased depending on the kind of infection, the used tech-
niques and the parameters detected.
The aim of the conducted study, was to evaluate changes in phago-
cytic activity of neutrophils during staphylococcal infection, experimentally in-
duced by intravenous injection (v. jugularis) of bacterial culture (1.2x109 cells/ml)
after 24 hours' growth.
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Introduction / UvodExperimental animals / Eksperimentalne `ivotinje
We used 12 healthy, mature, mongrel dogs, 6-7 years of age, weigh-
ing 16 ± 2 kg. The dogs were placed in individual cages of 1.5 m2, and 1.8 m.
height. Each dog was fed individually and had free access to water. During the ex-
perimenttheanimalswerefedastandardmaintenancedietforadultdogs„Canil”-
21% (Sosil Guyomarc, H, Sao Paolo, Brasil), as recommended by the producer.
In the adapting period, which tasted one week, the dogs were treated
against parasites with Prazimec – D (Biovet Co, Peshtera, Bulgaria) (containing
praziquantelum and abamectinum) at a dose of 1 tab./10 kg. Also, they were
treated against ectoparasites with Tapilan (Dorvet, Israel).
Experimental design / Eksperimentalni postupak
Experimental infection was induced by inravenous injection (v.jugu-
laris) of 5ml of bacterial culture of Staphylococcus aureus (1.2x109 cells/ml) after
24 hours growth. A terrain strain was used. Identification of strain was done by
"Sceptor - Becton Dickinson Diagnostic" system, in the department of “Hygiene,
Microbiology, Infectious diseases and Epidemiology”, Faculty of Medicine,
Thrakia University, Stara Zagora. Colonies had typical morphology of staphylo-
cocci (2-5 mm).
Parameters of innate immunity / Parametri urodjenog imuniteta
During the experiment the following parameters were detected:
Phagocytic activity of neutrophils-evaluated by their ability to produce
oxide radicals using microscopic slide histochemic nitroblue tetrazolium chloride
reduction (NBT) test.
Phagocytic index and percentage of phagocyting leucocytes: evalu-
ated by the immune fluorescence method (Samnaliev et al., 1995-FITC marked
Staphylococcus aureus were used).
Experimental animals were tested in the following dynamics: before
infection (0h.), and on the 2nd,6 th,2 4 th,4 8 thhour and on the 7th,1 4 th and 21st day
after that. Animals from the control group were tested in the same dynamics.
Statistical analysis / Statisti~ka analiza
Results are presented as means±SE and were statistically processed
by one-way ANOVA (StatMost, version 2.5), provided by DataMost corporation.
Differences were considered statistically significant at the p<0.05 level.
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Material and methods / Materijal i metode radaThree parameters of innate immunity showed no statistically signifi-
cant changes in animals of the control group (Fig. 1 and Fig. 2).
After inducing staphylococcal infection, comparison of phagocytic in-
dex between experimental and control group in dynamics, showed no statistically
significant differences. The phagocytic index also did not change in infected ani-
mals within the period of experiment.
In the experimental group the percentage of phagocyting neutrophils
was significantly higher on the 2nd hour, 6th hour, 24th hour and 21st day com-
pared to the 14th day as follows: 40.75±2.75>21.47±6.25, p<0.01;
36.45±3.46>21.47±6.25, p<0.05; 35.18±10.41>21.47±6.25, p<0.05;
31.64±6.1>21.47±6.25, p<0.05 (Fig. 1).
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Results / Rezultati
Figure 1. Percentage of phagocyting neutrophils in dogs (n=6) with experimental S. aureus
bacteriaemia, within 21 days lasting period (x±S x ). Statistically significant changes
are shown as follows: a1 – within experimental group (14 d./2h.); a2 – within experi-
mental group (14 d./6h.); a3 – within experimental group (14 d./24h.); a4 – within ex-
perimental group (14 d./21 d.); c – in experimental group as compared to control
group. ** - p<0.01; * - p<0.05
± –
– –
– –The comparison of the percentage of phagocyting neutrophils be-
tween two groups in the dynamics, revealed an increase in the experimental
group compared to the control group on the 24th hour - 35.18±10.4>17±4.8,
p<0.05. Trend was similar on the 7th day (31.1±10.41 in the experimental group
and 14.98±9.71 in the controls, p<0.05) and on the 21st day (31.64±6.1 as com-
pared to 19.98±6.75 in control animals, p<0.05) (Fig. 1).
When evaluating production of reactive oxygen species of neutrophils
by the NBT-test in the dynamics in the experimental group we found a statistically
significant increase on the 24th hour compared to the 2nd hour -
52.75±4.57>23±6.98, p<0.001 (Fig. 2). Similar changes occur on the 24th hour
as compared to the 6th hour (35.5±13.9, p<0.05) and the 14th day (29.2±11.21,
p<0.01). Values were also higher on the 48th hour (56.6±19.28) as compared to
the 2nd hour (23±6.98, p<0.05), and the 14th day (29.2±11.21, p<0.05).
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Figure 2. Production of reactive oxygen species of neutrophils, measured by NBT-test in
dogs (n=6) with experimental S. aureus bacteriaemia, within 21 days lasting period
(x±S x ). Statistically significant changes are shown as follows: a1 – within experi-
mental group (24h./2h.); a2 – within experimental group (24h./6h.); a3 – within ex-
perimental group (24h./14d.); b1 – within experimental group (48h./2h.); b2 – within
experimental group (48h./14d.); c – in experimental group as compared to control
group; *** - p<0.001; ** - p<0.01; * - p<0.05
±
– –
– –
– –Comparing both groups in dynamics, we found higher reactive oxy-
gen species production of neutrophils in the experimental group (Fig. 2). Values
were higher as compared to the controls on the 24th hour (52.75±4.57>27.5±11,
p<0.01), and on the 48th hour (56.6±19.28>30.25±9.14, p<0.05).
Experimental infection in dogs, caused by intravenous application of a
terrain strain of Staphylococcus aureus, is characterized by some changes in
phagocytic activity of neutrophils. Cell elements of innate immunity are activated
in the early stages of infection. This suggests rapid neutralizing of microorgani-
sms.
Bacteriemia and sepsis are often accompanied by the systemic in-
flammatory response syndrome (SIRS). In such cases macrophages produce a
large number of pro-inflammatory mediators, which leads to the so called „inflam-
matory cytokine storm” Š13¹. Dysballance between pro-inflammatory and anti-
inflammatory mediators may lead to an exceedingly strong inflammatory re-
sponse, followed by immunosupression, apoptosis and organ dysfunction. Neu-
trophils show changes in phagocytic activity Š14¹ with high levels of neutrophil se-
questration and reduction of their count Š12, 28¹.
Cell elements of innate immunity, including neutrophils, have the abili-
ty to „recognize” bacterial cell components. Recognition can be direct or indirect
by means of complement and antibodies bound to bacterial surface Š31¹. As a re-
sult opsonisation occurs, which makes easier lysis of bacteria by phagocytes
Š24¹. In gram positive microorganisms these functions are done by lipoteichioc
acid (LTA), peptidoglicans (PGNs), free and bound proteins (protein A, hemolys-
ins and phenol soluble modulin) Š15, 10¹.
LTA and PGNs cause release of NO, IL-1, IL-6 and TNF- by mono-
cytes and macrophages and activation of oxidative burst in vitro Š32, 17¹.
In humans some changes in cell-mediated immunity during sepsis
have been observed Š1¹ - decrease in T-lymphocytes count, higher phagocytic ac-
tivity of monocytes and macrophages and higher (over 50%) values of NBT-test,
which is controversial to the above-mentioned hypothesis.
Phagocytosis is mostly activated in experimental staphylococcal in-
fection in dogs within the 24th –4 8 th hour after infection Š3¹. This was also proved
in the conditions of our experiment, where Staphylococcus aureus was induced
intravenously.
After a subcutaneous injection of 5 ml bacterial suspension of Staphy-
lococcus aureus 24 hours after of growth, Dimitrova et al., 2003, have observed a
statistically significant increase of percentage of phagocyting leucocytes up to
29.33 ± 0.42, as compared to initial levels 27.00 ± 052. Changes in phagocytic in-
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Discussion / Diskusijadex are similar- 24 hours after inducing of infection values increase and are higher
up to the end of the experimental period (1.85 ±0.05 on 8th day).
Although pro-inflammatory components and mediators stimulate
phagocytosis (by increasing the number of engulfed bacteria and activating ROS
production) and bactericide activity of blood Š6¹, in severe infections and intoxica-
tions phagocytosis may be suppressed ŠKrukowski & Smith, 1983¹. It is possible
that Staphylococcus aureus uses the inflammatory response to reach certain
structures of polymorphonuclear leucocytes, where it is protected from opsonisa-
tion and lysis Š11¹.
Experimental Staphylococcus aureus bacteriemia (in non lethal do-
ses) leads to activation of cell elements of innate immunity mostly in the first two
days after inducing the infection, characterized by an increase in percentage of
phagocyting neutrophils and a higher production of oxide radicals, although it is
known that Staphylococcus aureus interacts with polymorphonuclear leucocytes,
which prevents opsonisation and lysis.
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FAGOCITOZA KOD Staphylococcus aureus BAKTERIJEMIJE KOD PASA
Ts. ^aprazov, I. Borisov, E. Slavov, P . D`elebov
Staphylococcus aureus je vode}i patogeni uzro~nik nozokomijalnih infekcija,
a posebno kod bakterijemije i sepse. Zna se da je fagocitoza bitan faktor uro|enog imu-
niteta. Cilj ovih istra`ivanja bio je da se obavi procena fagocitne aktivnosti leukocita kod ek-
sperimentalne bakterijemije.
Bakterijemija je izazvana kod {est odraslih pasa me{anaca, mu`jaka, (ek-
sperimentalna grupa) putem intravenske injekcije izolata Staphylococcus aureus (1.2x109
}elija/ml). Fagocitna aktivnost je procenjena pre infekcije (0 sat), 2, 6, 24. i 48. sata, i 7, 14. i
21. dana posle infekcije. [est kontrolnih `ivotinja je ispitano istom dinamikom. Fagocitna
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SRPSKIaktivnost je procenjena koriste}i test nitrotetrazolium plave redukcije (NBT test), a metoda
imune fluorescencije (Samnaliev i sar, 1995) kori{}en je za detekciju fagocitnog indeksa i
procenata leukocita koji fagocituju (kori{}eni su Staphylococcus aureus obele`eni FITC-
om).
Procenat fagocitiraju}ih leukocita pokazao je pove}anje 24. sata kod eksperi-
mentalnih `ivotinja u poredjenju sa kontrolnim `ivotinjama.
Proizvodnja reaktivnih vrsta kiseonika procenjena kori{}enjem NBT testa po-
kazalajeslede}epromeneunutareksperimentalnegrupe:pove}anje24.satauporedjenju
sa rezultatima 2. i 6. sata i 14. dana posle inficiranja; kao i pove}anje 48. sata u poredjenju
sa rezultatima 2. sata i 14. dana. Pore|enje proizvodnje reaktivnih vrsta kiseonika izme|u
grupa pokazalo je pove}anje u eksperimentalnoj grupi u pore|enju sa kontrolnom grupom
24. sata i 48. sata posle inficiranja.
Mo`e da se zaklju~i da se }elijski elementi uro|enog imuniteta aktiviraju ug-
lavnom tokom prva dva dana nakon izazivanja bakterijemiju sa Staphylococcus aureus u
pasa.
Klju~ne re~i: Staphylococcus aureus, eksperimentalna bakterijemija, fagocitoza, pas
FAGOCITOZ U Staphylococcus aureus BAKTERIEMII U SOBAK
Ts. ^aprazov, I. Borisov, E. Slavov, P . D`elebov
Staphylococcus aureus veduçiy patogennìy vozbuditelÝ nozokomialÝ-
nìh infekciy, a otdelÝno u bakteriemii i sepsisa. Izvestno, ~to fagocitoz
suçestvennìy faktor vro`dënnogo immuniteta. CelÝ Ìtih isslodovaniy bìla
sover{itÝ ocenku fagocitarnoy aktivnosti leykocitov u ÌksperimentalÝnoy bak-
teriemii.
BakteriemiÔ vìzvana u {esti vzroslìh sobak emtisov, samcov, (Ìk-
sperimentalÝnaÔ gruppa) putëm vnutrivennoy inÍekcii izolÔta Staphylococcus au-
reus (1,2h109 kletok/ml). FagocitarnaÔ aktivnostÝ ocenena do infekcii (0 ~as), 2,
6, 24 i 48 ~asov i 7,14 i 21 denÝ posle infekcii. [estÝ kontrolÝnìh `ivotnìh
ispìtano nami tot `e samoy dinamikoy. FagocitarnaÔ aktivnostÝ ocenena, polÝ-
zuÔ nitrotetrazolium siney redukcii (NBT test), a metod immunnoy fluorescen-
cii (Samnaliev i sotr., 1995) polÝzovan dlÔ detekcii fagocitarnogo indeksa i
procenta leykocitov, fagocituruÓçie (polÝzovanì Staphylococcus aureus FITC-
om).
Procent fagocituruÓçih leykocitov pokazal uveli~enie 24 ~asa u Ìk-
sperimenta~Ýnìh `ivotnìh v sravnenii s kontrolÝnìmi `ivotnìmi.
Proizvodstvo reaktivnìh vidov kisloroda oceneno polÝzovaniem
NBT testa pokazalo sleduÓçie izmeneniÔ vnutri ÌksperimentalÝnoy gruppì:
uveli~enie 24 ~asa v sravnenii s rezulÝtatami 2 i 6 ~asov i 14 dney posle infici-
rovaniÔ; slovno i uveli~enie 48 ~asov v sravnenii s rezulÝtatami 2 ~asa i 14
dney. Sravnenie proizvodstva reaktivnìh vidov kisloroda sredi grupp pokazalo
uveli~enie v ÌksperimentalÝnoy gruppe v sravnenii s kontrolÝnoy gruppoy 24
~asa 48 ~asov posle inficirovaniÔ.
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RUSSKIYMo`no sdelatÝ vìvod, ~to kleto~nìe Ìlementì vro`dënnogo immu-
niteta aktiviruÓtsÔ glavnìm obrazom v te~enie pervìh dvuh dney posle vìzìva-
niÔ bakteriemii s Staphylococcus aureus u sobak.
KlÓ~evìe slova: Staphylococcus aureus, ÌksperimentalÝnaÔ bakteriemiÔ,
fagocitoz, sobaka
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